SPECIFICATION 



MANUFACTURING METHOD OF ENDLESS METAL BELT AND 
MANUFACTURING APPARATUS OF ENDLESS METAL BELT 

5 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The invention relates to a manufacturing method of an endless 
metal belt and manufacturing apparatus of the endless metal belt. 

10 

2. Description of the Related Art 

A method for manufacturing an endless metal belt used for a 
non-stage transmission or the like includes, as shown in Fig. 1, for 
example, a welding step for rounding and welding a workpiece steel, a 

15 cutting step for forming metal rings each having a predetermined width, a 
grinding step for trimming the end face of each metal ring, a rolling step 
for forming a metal ring having a fixed thickness and a fixed 
circumference, a solution heat treatment step, a circumference correction 
step, an ageing step, a nitriding step, and build-up step for forming an 

20 endless metal belt consisting of a plurality of layers having different 
circumferences. 

In the circumference correction step, in particular, the metal rings 
are expanded and, as shown in Fig. 2, metal rings corresponding to 
respective layers, equal in thickness and different in circumference are 
2 5 formed. For example, Patent Document 1 (Japanese Patent Application 
Laid-Open Publication No. 11-290971) discloses a method and an 
apparatus for expanding a metal ring using rollers and correcting the 
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circumference of the metal ring to a predetermined circumference. 

However, due to the large expansion quantity of the metal ring in 
the circumference correction step, the metal ring is greatly contracted 
thereafter based on elastic deformation. Since the contraction quantity is 
5 proportional to the expansion quantity, the contraction quantity varies 
according to the circumference and the fluctuation of the contraction 
quantity is not constant. This, therefore, makes it difficult to maintain 
the accuracy of the circumference of the metal ring. 

Thus, it is difficult to determine a combination for building up 
10 metal rings and the deterioration of working efficiency and the increase of 
working man-hour occur. This disadvantageously pushes up 
manufacturing cost. 

SUMMARY OF THE INVENTION 

15 The present invention has been achieved to solve the 

disadvantages of the conventional art. It is an object of the present 
invention to provide an endless metal belt manufacturing method and an 
endless metal belt manufacturing apparatus capable of improving 
accuracy for the management of the circumference of a metal ring. 

20 To achieve the above object, a first aspect of the present invention 

provides a manufacturing method of an endless metal belt having metal 
rings built up and differing in circumference, comprising: a first 
circumference correction step of expanding each of the metal rings; and a 
second circumference correction step of expanding each of the metal 

2 5 rings after conducting a solution heat treatment to the expanded metal 
ring, wherein by executing the first circumference correction step and the 
second circumference correction step before and after the solution heat 
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treatment, respectively, an expansion quantity for setting a circumference 
of each of the metal rings to become a predetermined length is attained. 

According to the first aspect of the invention, in the first 
circumference correction step, the expansion quantity for setting the 
5 circumference of each of the metal rings to become a predetermined 
length is partially attained, and the residual stress of the metal ring caused 
by the first circumference correction step is eliminated by conducting the 
solution heat treatment. Due to this, the expansion quantity required in 
the first circumference correction step becomes small. Accordingly, a 

10 contraction quantity after the second circumference correction step 
becomes small, so that it is possible to improve metal ring circumference 
management accuracy. 

A second aspect of the present invention provides the 
manufacturing method depending from the first aspect, wherein the 

15 expansion quantity attained in the first circumference correction step is 
corrected to correspond to the circumference set to each of the metal rings 
differing in circumference. 

According to the second aspect of the invention, the expansion 
quantity in the second circumference correction step can be corrected by a 

2 0 certain value, irrespective of the circumference set to each of the metal 
rings differing in circumference. The contraction quantity after the 
second circumference correction step becomes almost fixed and small in 
irregularity, so that the metal ring circumference management accuracy is 
further improved. 

2 5 A third aspect of the present invention provides the manufacturing 

method depending from the first or the second aspect, wherein the 
manufacturing method further comprises a rolling step of forming each of 
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the metal rings input in the first circumference correction step by rolling. 

According to the third aspect of the invention, it is possible to 
easily form each metal ring having a fixed thickness and a fixed 
circumference. 

5 A fourth aspect of the present invention provides the 

manufacturing method depending from one aspect among the first to the 
third aspect, wherein in the rolling step, each of the metal rings is input 
between a work roller and a tension roller, a tension is applied to each of 
the metal rings by moving the tension roller, and each of the metal rings is 

10 rolled by moving a rolling roller to press the rolling roller against the 
metal ring; the tension roller and the rolling roller are servo-controlled; 
and based on one of operation patterns of the tension roller and the rolling 
roller, the other operation pattern is changed. 

According to the fourth aspect of the invention, since it is possible 

15 to highly accurately position the tension roller and the rolling roller and 
control a tension applied to each metal ring to be fixed, rolling accuracy is 
improved. 

A fifth aspect of the present invention provides the manufacturing 
method depending from one aspect among the first to the fourth aspect, 
2 0 wherein the work roller and the rolling roller are set to have an equal 
circumferential speed. 

According to the fifth aspect of the invention, since it is possible 
to eliminate the slippage between the metal ring and the roller (work 
roller or rolling roller), the rolling accuracy is further improved. In 
25 addition, it is possible to improve transferability of transferring the form 
of the work roller and prevent the metal rings from being scratched. 
Further, since it is possible to prevent the occurrence of friction and heat, 
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it is possible to lengthen the lives of the respective rollers. 

A sixth aspect of the present invention provides the manufacturing 
method depending from one aspect among the first to the fifth aspect, 
wherein, in the first circumference correction step and the second 
5 circumference correction step, each of the metal rings is input between 
the work roller and the tension roller, and is expanded by moving the 
tension roller until the circumference of each of the metal rings becomes a 
set circumference; and the tension roller is servo-controlled. 

According to the sixth aspect of the invention, since it is possible 
10 to highly accurately position the tension roller and the tension applied to 
each metal ring can be controlled to be fixed, accuracy for the expansion 
quantity of the metal ring is improved. Therefore, it is possible to 
further improve the metal ring circumference management accuracy. 

A seventh aspect of the present invention provides the 
1 5 manufacturing method depending from one aspect among the first to the 
sixth aspect, wherein the manufacturing method further comprises a 
circumference measurement step of measuring the circumference of each 
of the metal rings before the second circumference correction step. 

According to the seventh aspect of the invention, since the 
2 0 expansion quantity in the second circumference correction step can be set 
based on the actually measured circumference of the metal ring, it is 
possible to further improve the metal ring circumference management 
accuracy. 

An eighth aspect of the present invention provides the 
2 5 manufacturing method depending from one aspect among the first to the 
seventh aspect, wherein, in the circumference measurement step, based on 
a moving length of the tension roller necessary to apply a predetermined 
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tension to each of the metal rings input between the work roller and the 
tension roller, the circumference of each of the metal rings is measured; 
and movement of the tension roller is controlled based on a combination 
of pressure control and position control. 
5 According to the eighth aspect of the invention, since it is possible 

to control the tension applied to each of the metal ring to be fixed during 
the circumference measurement, it is possible to prevent an excessive 
tension from being applied to the metal ring to thereby plastically deform 
the metal ring. Circumference measurement accuracy is, therefore, 
10 improved. 

A ninth eighth aspect of the present invention provides a 
manufacturing apparatus of an endless metal belt having metal rings built 
up and differing in circumference, comprising: a first circumference 
correction section for expanding each of the metal rings; and a second 

1 5 circumference correction section for expanding each of the metal rings 
after conducting a solution heat treatment to the expanded metal ring, 
wherein by using the first circumference correction section and the 
second circumference correction before and after the solution heat 
treatment, respectively, an expansion quantity for setting a circumference 

2 0 of each of the metal rings to become a predetermined length is attained. 

According to the ninth aspect of the invention, the expansion 
quantity for setting the circumference of each of the metal rings to 
become a predetermined length is partially attained by the first 
circumference correction section, and the residual stress of the metal ring 

2 5 caused by the first circumference correction section is eliminated by 
conducting the solution heat treatment. Due to this, the expansion 
quantity by the first circumference correction section after the expansion 
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becomes small. Accordingly, a contraction quantity after the expansion 
by the second circumference correction section becomes small, so that it 
is possible to improve metal ring circumference management accuracy. 

A tenth aspect of the present invention provides the manufacturing 
5 apparatus depending from the ninth aspect, wherein the expansion 
quantity attained by the first circumference correction section is corrected 
to correspond to the circumference set to each of the metal rings differing 
in circumferences. 

According to the tenth aspect of the invention, the expansion 
10 quantity required for the second circumference correction section can be 
corrected by a certain value, irrespective of the circumference set to each 
of the metal rings differing in circumference. The contraction quantity 
after the expansion by the second circumference correction section 
becomes almost fixed and small in irregularity, so that the metal ring 
15 circumference management accuracy is further improved. 

An eleventh aspect of the present invention provides the 
manufacturing apparatus depending from the ninth or the tenth aspect, 
wherein the manufacturing apparatus further comprises rolling section for 
forming each of the metal rings input to the first circumference correction 
2 0 section by rolling. 

According to the eleventh aspect of the invention, it is possible to 
easily form each metal ring having a fixed thickness and a fixed 
circumference. In addition, since it is possible to continuously execute 
the rolling and the expansion of the metal ring, it is possible to dispense 
2 5 with devices for inputting, taking out and transporting the metal rings. It 
is, therefore, possible to shorten working time and prevent the metal rings 
from being scratched. Besides, since disturbance following the input, 
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takeout and transportation of the metal rings is suppressed, metal ring 
expansion accuracy is improved. 

A twelfth aspect of the present invention provides the 
manufacturing apparatus depending from one aspect among the ninth to 
5 the eleventh aspect, wherein the rolling section applies a tension to each 
of the metal rings input between a work roller and a tension roller by 
moving the tension roller, and rolls each of the metal rings by moving the 
rolling roller to press the rolling roller against the metal ring; the tension 
roller and the rolling roller are servo-controlled; and based on one of 

10 operation patterns of the tension roller and the rolling roller, the other 
operation pattern is changed. 

According to the twelfth aspect of the invention, since it is 
possible to highly accurately position the tension roller and the rolling 
roller and control a tension applied to each metal ring to be fixed, rolling 

15 accuracy is improved. 

A thirteenth aspect of the present invention provides the 
manufacturing apparatus depending from one aspect among the ninth to 
the twelfth aspect, wherein the work roller and the rolling roller are set to 
have an equal circumferential speed. 

20 According to the thirteenth aspect of the invention, since it is 

possible to eliminate the slippage between the metal ring and the roller 
(work roller or rolling roller), the rolling accuracy is further improved. 
In addition, it is possible to improve transferability of transferring the 
form of the work roller and prevent the metal rings from being scratched. 

25 Further, since it is possible to prevent the occurrence of friction and heat, 
it is possible to lengthen the lives of the respective rollers. 

A fourteenth aspect of the present invention provides the 



manufacturing apparatus depending from one aspect among the ninth to 
the thirteenth aspect, wherein the first circumference correction section 
and the second circumference correction section expand each of the metal 
rings input between the work roller and the tension roller by moving the 
5 tension roller until the circumference of each of the metal rings becomes a 
set circumference; and the tension roller is servo-controlled. 

According to the fourteenth aspect of the invention, since it is 
possible to highly accurately position the tension roller and the tension 
applied to each metal ring can be controlled to be fixed, accuracy for the 
10 expansion quantity of the metal ring is improved. Therefore, it is 
possible to further improve the metal ring circumference management 
accuracy. 

A fifteenth aspect of the present invention provides the 

manufacturing apparatus depending from one aspect among the ninth to 
15 the fourteenth aspect, wherein the manufacturing apparatus further 

comprises a circumference measurement section for measuring the 

circumference of each of the metal rings. 

According to the fifteenth aspect of the invention, since the 

expansion quantity attained by the second circumference correction 
2 0 section can be set based on the actually measured circumference of the 

metal ring, it is possible to further improve the metal ring circumference 

management accuracy. 

A sixteenth aspect of the present invention provides the 

manufacturing apparatus depending from one aspect among the ninth to 
2 5 the fifteenth aspect, wherein the circumference measurement section 

measures the circumference of each of the metal rings input between the 

work roller and the tension roller based on a moving length of the tension 
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roller necessary to apply a predetermined tension to each of the metal 
rings; and movement of the tension roller is controlled based on a 
combination of pressure control and position control. 

According to the sixteenth aspect of the invention, since it is 
possible to control the tension applied to each of the metal ring to be fixed 
during the circumference measurement, it is possible to prevent an 
excessive tension from being applied to the metal ring to thereby 
plastically deform the metal ring. Circumference measurement accuracy 
is, therefore, improved. 

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS 

Fig. 1 is a flow chart for explaining a conventional endless metal 
belt manufacturing method; 

Fig. 2 is a conceptual view for explaining the change of 
circumference in a rolling step and a circumference correction step shown 
in Fig. 1; 

Fig. 3 is a flow chart for explaining an endless metal belt 
manufacturing method in one embodiment according to the present 
invention; 

Fig. 4 is a conceptual view for explaining the change of 
circumference in a rolling step, a first circumference correction step and a 
second circumference correction step shown in Fig. 3; 

Fig. 5 is an explanatory view for correction quantities in the first 
circumference correction step and the second circumference correction 
step; 

Fig. 6 is a schematic diagram for explaining an endless metal belt 
manufacturing apparatus in one embodiment according to the present 
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invention; 

Fig. 7 is a side view for explaining the configuration of a backup 
roller in the endless metal belt manufacturing apparatus; 
Fig. 8 is a plan view of the backup roller; 
5 Figs. 9A, 9B and 9C are side views for explaining the rolling step 

by the endless metal belt manufacturing apparatus; 

Fig. 10 is a flow chart for explaining the rolling step; 
Fig. 1 1 is a flow chart for explaining the operation of a rolling 
roller in a rolling processing shown in Fig. 10; 
10 Fig. 12 is a flow chart following the flow chart of Fig. 11 for 

explaining the operation of the rolling roller; 

Fig. 1 3 is a flow chart for explaining the operation of a tension 
roller in the rolling processing shown in Fig. 10; 

Fig. 14 is a flow chart following the flow chart of Fig. 13 for 
1 5 explaining the operation of the tension roller; 

Figs. 15 A, 15B and 15C are side views for explaining the first 
circumference correction step executed by the endless metal belt 
manufacturing apparatus; 

Fig. 16 is a flow chart for explaining the first circumference 
2 0 correction step; 

Fig. 17 is a flow chart for explaining a correction processing 

shown in Fig. 16; 

Fig. 18 is a flow chart for explaining the measurement of 
circumference made by the endless metal belt manufacturing apparatus; 
2 5 and 

Fig. 19 is a flow chart for explaining a measurement processing 
shown in Fig. 18. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The embodiments of the present invention will be described 
hereinafter with reference to the drawings. 
5 Fig. 3 is a flow chart for explaining an endless metal belt 

manufacturing method in one embodiment according to the present 
invention. As shown in Fig. 3, the manufacturing method includes a 
welding step, a solution heat treatment step, a cutting step, a grinding step, 
a rolling step, a first circumference correction step, a solution heat 

10 treatment step, a second circumference correction step, an ageing step, a 
nitriding step and a build-up step. 

First, in the welding step, a workpiece steel made of a special steel 
such as a maraging steel is rounded and welded to provide a cylindrical 
workpiece steel. In the solution heat treatment step, welded alloy 

15 structures are homogenized. In the cutting step, the cylindrical 
workpiece steel is cut to obtain metal rings each having a predetermined 
width. In the grinding step, the end faces of the metal rings are ground 
and thereby trimmed. 

In the rolling step, the thicknesses of the metal rings are decreased 

2 0 and the circumferences thereof are expanded, thereby forming metal rings 
each having a predetermined thickness and a predetermined 
circumference. In other words, metal rings each having a fixed 
thickness and a fixed circumference are formed. Since the 
circumference is made fixed, it is possible to highly accurately control the 

2 5 thicknesses without complicating the rolling step. 

Fig. 4 is a conceptual view for explaining the change of 
circumferences in the rolling step, the first circumference correction step 
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and the second circumference correction step. As shown in Fig. 4, the 
first circumference correction step and the second circumference 
correction step executed with the solution heat treatment step put 
therebetween enable an expansion quantity for obtaining each metal ring 
5 having a predetermined circumference to be obtained. 

Specifically, in the first circumference correction step, the metal 
rings which have been just rolled are expanded to form metal rings having 
a fixed thickness and different circumferences. It is noted that each 
metal ring is contracted to correspond to the expansion quantity after the 

10 first circumference correction step. Due to this, the expansion quantities 
are corrected so as to correspond to the circumferences set for the 
respective metal rings having different circumferences. 

Fig. 5 shows one example of correction quantities in the first 
circumference correction step and the second circumference correction 

15 step if an endless metal belt consisting of five layers of metal rings is to 
be manufactured. For example, if the circumference that is set after the 
first circumference correction step of the metal ring (applied to the first 
layer) is 705.00 mm, the correction quantity of the metal ring is 5.00 mm. 
If the circumference that is set after the first circumference correction step 

2 0 of the metal ring (applied to the fifth layer) is 709.00 mm, the correction 
quantity of the metal ring is 9.00 mm. 

In the solution heat treatment step, a heat treatment is conducted 
to each metal ring right after the first circumference correction step. As 
a result, the residual stresses of the metal rings caused by the first 

2 5 circumference correction step are released, whereby it is possible to 
suppress the influence of the first circumference correction step and 
improve basic strength by the microfabrication of structures. 
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In the second circumference correction step, the circumferences of 
the metal rings are expanded to final circumferences, respectively. The 
correction quantity of each metal ring in this step is smaller than that in 
the first circumference correction step and the respective metal rings are 
5 almost equal in correction quantity. For example, as shown in Fig. 5, the 
correction quantities of the metal rings after the first circumference 
correction step range from 5 mm to 9 mm according to the 
circumferences set to the respective metals. The correction quantities of 
the metal rings after the second circumference correction step are fixed to 
10 1.00 mm, irrespective of the circumferences set to the respective metal 
rings. 

Namely, the expansion quantities so as to set the respective metal 
rings to have predetermined circumferences are partially attained in the 
first circumference correction step, and the residual stresses of the metal 

15 rings caused by the first circumference correction step are eliminated in 
the solution heat treatment step. Due to this, the expansion quantities of 
the metal rings required in the second circumference correction step 
become small. Accordingly, the contraction quantities thereof after the 
second circumference correction step also become small, making it 

2 0 possible to improve accuracy for the management of the circumferences 
of the metal rings. 

In addition, it is possible to correct the respective expansion 
quantities in the second circumference correction step by a certain value, 
irrespective of the circumferences set to the respective metal rings having 

2 5 different circumferences. As a result, the contraction quantities of the 
metal rings after the second circumference correction step become almost 
fixed and small, thereby further improving the accuracy for the 
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management of the circumferences of the metal rings. 

The contraction of each metal ring after the circumference 
correction continues about 24 hours. Due to this, if the circumference 
correction is executed twice after the solution heat treatment step, only 
5 the contraction quantity increases and the accuracy cannot be improved. 

In the ageing step, the influence of the second circumference 
correction step is eliminated. In the nitriding step, the surfaces of the 
metal rings are cured so as to improve wearing resistance and fatigue 
resistance. In the build-up step, the metal rings having different 
10 circumferences and obtained in the preceding steps are built up. 
Consequently, an endless metal belt consisting of a plurality of layers 
having different circumferences is formed. 

Referring next to Fig. 6, an endless metal belt manufacturing 
apparatus 10 in one embodiment according to the present invention will 
15 be described. 

As will be described later, the manufacturing apparatus 10 
includes a first circumference correction section for expanding metal 
rings and a second circumference correction section for expanding the 
metal rings after conducting a solution heat treatment to the respective 
2 0 expanded metal rings. The first circumference correction section and the 
second circumference correction section used before and after the solution 
heat treatment enable attaining an expansion quantity for setting the 
circumference of each metal ring at a predetermined circumference. 

The manufacturing apparatus 10 also includes a rolling section for 
2 5 rolling the metal rings. By using the rolling section, it is possible to 
easily form metal rings each having a fixed thickness and a fixed 
circumference. Further, since the rolling and expansion of the metal 
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rings can be executed continuously, it is possible to dispense with devices 
for inputting, taking out and transporting the metal rings and the like. 
Therefore, it is possible to shorten working time and prevent the metal 
rings from being scratched. Moreover, since disturbance following the 
5 input, takeout and transportation of the metal rings is suppressed, metal 
ring expansion accuracy is improved. It is noted that it is possible to 
execute the rolling and the circumference correction using different 
devices at need. 

Further, the manufacturing apparatus 10 includes a circumference 
10 measurement section for measuring the circumferences of the metal rings. 
Therefore, it is possible to set the expansion quantities of the metal rings 
attained by the second circumference correction section based on the 
actually measured circumferences of the metal rings. It is thus possible 
to further improve the metal ring circumference management accuracy. 
15 Besides, if the circumference measurement is executed before the rolling 
step, it is possible to set rolling conditions based on the actually measured 
circumferences of the metal rings and, therefore, improve rolling 
accuracy. 

Specifically, the manufacturing apparatus 10 includes a work 
20 roller 11 and a tension roller 12 with a metal ring 1 put therebetween, a 
rolling roller 16 for putting, together with the work roller 11, the metal 
ring 1 therebetween, and backup rollers 20 for supporting the work roller 
11. It is noted that the tension roller 12 and the backup rollers 20 are 
free rollers. 

2 5 Further, the manufacturing apparatus 10 includes a driver 24 

driving the work roller 1 1 to rotate freely forward and backward, a driver 
13 for applying a tension to the metal ring 1, a driver 23 driving the 
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rolling roller 16 to rotate freely forward or backward, a driver 17 for 
linearly moving the rolling roller 16 so as to put the metal ring 1 between 
the rolling roller 16 and the work roller 1 1 and to roll the metal ring 1, and 
a driver 21 for linearly moving the backup rollers 20 to bring the backup 
5 rollers 20 into contact with the work roller 11 so as to eliminate the 
flexure of the work roller 11 caused by the tension roller 12 and the 
rolling roller 16. 

It is noted that the drivers 13 and 17 are servo motors and that the 
tension roller 12 and the rolling roller 16 are servo-controlled and the 

10 speeds and thrusts thereof can be changed during the movement. 

Furthermore, the manufacturing apparatus 10 includes a scale 14 
for detecting the moving length of the tension roller 12, a pressure meter 
15 for detecting the tension of the tension roller 12 during the movement 
thereof, s scale 18 for detecting the moving length of the rolling roller 16, 

15 a pressure meter 19 for detecting the pressing force of the rolling roller 16 
during the movement thereof, and a stopper 22 for detecting the moving 
length of each backup roller 20. 

The detection results of the scale 14 and the pressure meter 1 5 are 
fed back to make it possible to dynamically change the operation pattern 

20 (position, speed, and tension) of the tension roller 12. Likewise, the 
detection results of the scale 1 8 and the pressure meter 1 9 are fed back to 
make it possible to dynamically change the operation pattern of the 
tension roller 16. 

It is also possible to change the operation pattern of the tension 

25 roller 12 based on the detection result of the operation pattern of the 
rolling step 16 and change the operation pattern of the rolling roller 16 
based on the detection result of the operation pattern of the tension roller 
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12. 

In the rolling step, therefore, it is possible to highly accurately 
position the tension roller 12 and the rolling roller 16 and control tensions 
applied to the metal rings to be fixed, thereby improving rolling accuracy. 

Furthermore, in the first circumference correction step and the 
second circumference correction step, it is possible to highly accurately 
position the tension roller 12 and control tensions applied to the metal 
rings to be fixed, thereby improving accuracy for metal ring expansion 
quantities. Accordingly, it is possible to further improve the accuracy 
for the management of the metal ring circumferences. 

As shown in Figs. 7 and 8, the backup rollers 20 are formed to be 
out of contact with the metal ring 1 . In addition, by providing a plurality 
of backup rollers 20, it is possible to improve the effect of eliminating the 
flexure of the work roller 1 1 . 

Next, the rolling step executed by the manufacturing apparatus 10 
will be described. 

In the rolling step, the metal ring 1 the end face of which is ground 
in the grinding step is first input between the work roller 11 and the 
tension roller 12 (see Fig. 9A). The driver 13 drives the tension roller 12 
to linearly move, thereby applying a tension to the metal ring 1 and 
winding the metal ring 1 around the work roller 1 1 and the tension roller 
12 (see Fig. 9B). 

Thereafter, the driver 21 drives the backup rollers 20 to linearly 
move, thereby bringing the backup rollers 20 in contact with the work 
roller 11. The driver 23 drives work roller 11 to rotate (e.g., at 30 rpm), 
thereby rotating the metal ring 1 between the work roller 1 1 and the 
tension roller 12. Further, the driver 17 drives the rolling roller 16 to be 
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pressed against the metal ring 1 with a predetermined pressing force, 
thereby rolling the metal ring 1 (see Fig. 9C). 

At this time, the work roller 1 1 and the rolling roller 16 are driven 
to rotate by the drives 23 and 17, respectively, to make the work roller 1 1 
5 and the rolling roller 16 have an equal circumferential speed. 

Therefore, it is possible to eliminate slippage between the metal 
ring 1 and the roller (work roller 1 1 or rolling roller 1 6) and thereby 
further improve the rolling accuracy. In addition, it is possible to 
improve the transferability of transferring the form of the work roller and 

10 prevent the occurrence of scratches. Further, since it is also possible to 
prevent the generation of friction and heat, it is possible to lengthen the 
lives of the work roller 1 1 and the rolling roller 16. 

It is noted that the tension roller 12 is driven to constantly apply a 
fixed tension to the metal ring 1. In addition, it is preferable to set the 

15 moving distance of the tension roller 12 to correspond to the expansion 
quantity of the metal ring 1 by the function of the rolling roller 16. For 
example, it is possible to determine the moving speed and moving 
distance of the tension roller 12 based on information on the moving 
speed and moving distance of the rolling roller 16 detected by means of 

20 the scale 18 and the pressing force detected by means of the pressure 
meter 19. 

The rotation of the metal ring 1 can be applied by the rolling roller 
16. Normally, however, the rotation of the metal ring 1 is applied by the 
work roller 11. If the form of the work roller 1 1 is transferred onto the 
2 5 inner periphery of the metal ring 1 during rolling, the rotation of the metal 
ring 1 is preferably applied by the rolling roller 16. If the work roller 1 1 
and the rolling roller 16 are driven to rotate synchronously with each 
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other and the circumference speeds thereof are made fixed, it is possible 
to improve the accuracy and transferability. 

The rolling roller 1 6 is pressed until the thickness of the metal ring 
1 reaches a predetermined value. The recognition of whether the 
5 thickness reaches the predetermined value is executed based on the scale 
18. If the thickness of the metal ring 1 reaches the predetermined value, 
the pressing force of the rolling roller 16 is weakened so as not to exhibit 
a rolling effect but to be able to drive the metal ring 1 to rotate. 

If the rotation of the metal ring 1 is applied by the work roller 11, 
10 the rolling roller 16 can be put back in a direction away from the work 
roller 1 1 at need. 

Referring next to the flow chart of Fig. 10, the rolling step will be 
described in detail. 

First, work conditions for the rolling roller 16 and the tension 
15 roller 12 are set (in SI 1). The work conditions are specified for each of 
a plurality of separate steps constituting the rolling step and they include a 
distance, a thrust, a circumferential speed and a moving speed. It is 
noted that the number of steps is set at need and can be set at, for example, 

20 The moving length (absolute value) Y of the tension roller 12 and 

the number of rotations of the work roller 1 1 for each step are calculated 
(in SI 2). 

For example, the moving length Y of the tension roller 12 can be 
obtained by subtracting the circumference L 0 of a standard ring from the 
25 circumference L of the input metal ring, dividing the subtraction result by 
"2" and adding the measured coordinate Y 0 of the standard ring to the 
division result. The number of rotations S of the work roller 1 1 can be 
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obtained by multiplying the circumferential speed P [m/min] of the 
tension roller 12 by "1000" and dividing the multiplication result by a 
value obtained by multiplying the outside diameter D [mm] of the rolling 
roller 16 by 'V. It is noted that the coefficient "1000" is used so as to 
5 make the unit of the circumferential speed P of the tension roller 12 equal 
to that of the outside diameter D of the rolling roller 16. 

Thereafter, the metal ring is input between the work roller 1 1 and 
the tension roller 12 (in SI 3). The tension roller 12 is moved to a grip 
position at which the tension roller 12 can exhibit a predetermined tension 
10 (in SI 4), and the backup rollers 20 are moved to support the work roller 
11 (in SI 5). The work roller 11 and the rolling roller 16 are driven to 
rotate (in S16), thereby executing a rolling processing (in SI 7). 

Next, the rolling processing in S17 will be described. The rolling 
processing is executed by operating the rolling roller 16 and the tension 
15 roller 12 almost simultaneously. Due to this, the rolling processing will 
be described for the rolling roller 16 and the tension roller 12 separately 
while roughly separating the operation related to the rolling roller 1 6 and 
that related to the tension roller 12. 

Figs. 1 1 and 12 are flow charts for explaining the operation of the 
2 0 rolling roller 1 6 in the rolling processing. 

A moving start instruction to start moving the rolling roller 16 is 
issued first (in S101), and the present coordinate of the rolling roller 16 is 
detected (in SI 02). It is then determined whether the detected 
coordinate correspond to the final step finished position of the rolling 
2 5 roller 16 (in SI 03). 

If the detected coordinate corresponds to the final step finished 
position ('YES' in SI 03), then the pressing force of the rolling roller 16 is 
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minimized (in SI 14), a stop signal for stopping the tension roller 12 is 
issued (in SI 1 5) and the processing is finished. 

On the other hand, if the detected coordinate does not correspond 
to the final step finished position ('NO' in SI 93), work conditions for the 
present step are set and a timer is set (in SI 04 and SI 05, respectively). 

If the rolling roller 16 is moved (in SI 06), the coordinate and 
pressing force of the rolling roller 16 are detected (in SI 07). It is then 
determined whether the detected coordinate corresponds to the present 
step finished position of the rolling roller 16 (in SI 08). 

If the detected coordinate corresponds to the present step finished 
position ('YES' in SI 08), the next step is set as a present step and the 
processing returns to SI 03. If the detected coordinate does not 
correspond to the present step finished position ('NO' in SI 08), it is 
further determined whether the detected pressing force satisfies a 
predetermined pressing force (in SI 09). 

If the detected pressing force does not satisfy the predetermined 
pressing force ('NO 5 in S109), the pressing force is adjusted (in SI 10). 
If the detected pressing force satisfies the predetermined pressing force 
('YES' in SI 09), SI 10 is skipped. 

Next, it is determined whether the passing time of the timer 
exceeds a predetermined value (time is up) (in Sill). If time is up 
('YES 5 in SI 1 1), an abnormality processing is executed (in SI 12) and the 
processing is finished. If time is not up ('NO 5 in Sill), the present 
coordinate and pressing force of the rolling roller 16 are output (in SI 13) 
and the processing returns to SI 06. 

Referring next to Figs. 13 and 14, the operation of the tension 
roller 12 in the rolling processing will be described. 
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First, a moving start instruction to start moving the tension roller 
12 is issued (in S201), and the present coordinate of the tension roller 12 
is detected (in S202). Work conditions for a present step are set and the 
timer is set (in S203 and S204, respectively). 
5 Next, the tension roller 12 is moved (in S205), and the coordinate 

and tension of the tension roller 12 are detected (in S206). It is then 
determined whether the detected coordinate corresponds to the present 
step finished position of the tension roller 12 (in S207). 

If the detected coordinate corresponds to the present step finished 

10 position ('YES* in S207), the next step is set as a present step and the 
processing returns to S203. If the detected coordinate does not 
correspond to the present step finished position ('NO 5 in S207), it is 
further determined whether the detected tension of the tension roller 12 
satisfies a predetermined value (in S208). 

15 If the detected tension of the tension roller 12 does not satisfy the 

predetermined value ('NO 5 in S208), the tension is adjusted (in S209). If 
the detected tension of the tension roller 12 satisfies the predetermined 
value ('YES 5 in S208), S209 is skipped. 

Next, the coordinate and pressing force of the rolling roller 16 

20 output in the step SI 13 are detected (in S210). It is determined whether 
present moving conditions satisfy predetermined conditions (in S211). 
If the present moving conditions do not satisfy the predetermined 
conditions ('NO 5 in S211), the speed and pressing force of the rolling 
roller 16 are adjusted (in S212). If the present moving conditions satisfy 

2 5 the predetermined conditions ('YES 5 in S211), S213 is skipped. 

It is determined whether the passing time of the timer exceeds a 
predetermined value (time is up) (in S213). If time is up ('YES 5 in 
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S213), an abnormality processing is execute (in S214) and the processing 
is finished. If time is not up ('NO' in S213), it is further determined 
whether the stop signal issued in SI 15 is detected (in S215). 

If the stop signal is not detected ('NO' in S215), the processing 
5 returns to S205. If the stop signal is detected ('YES' in S215), the 
tension roller 12 is stopped (in S216) and the processing is finished. 

Next, the first circumference correction step executed by the 
manufacturing apparatus 10 will be described. It is noted that the first 
circumference correction step is executed continuously with the rolling 
10 step without taking out the rolled metal ring 1 . 

First, the driver 24 keeps driving the work roller 11 to rotate, 
thereby keeping the rotation of the metal ring 1 (see Fig. 1 5 A). 

Next, the driver 13 drives the tension roller 12 to linearly move 
until the circumference of the metal ring 1 becomes a predetermined 
15 circumference (see Fig. 15B). The detection as to whether the 
circumference of the metal ring 1 becomes a predetermined 
circumference is executed by the scale 1 4. 

If it is detected that the circumference of the metal ring 1 becomes 
the predetermined circumference, the driver 13 drives the tension roller 
20 1 2 to be put back toward the work roller 1 1 (see Fig. 1 5C). 

Referring next to the flow chart of Fig. 16, the first circumference 
correction step will be described in detail. 

First, similarly to Sll and S12, work conditions for the tension 
roller 12 are set (in S21), and the moving length of the tension roller 12 
2 5 and the number of rotations of the work roller 1 1 are calculated (in S22). 

A moving start instruction to start moving the tension roller 12 is 
issued (in S23), and the present coordinate of the tension roller 12 is 
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detected (in S24). Thereafter, a correction (expansion of circumference) 
is executed so that the metal ring 1 has a predetermined circumference (in 
S25). 

After the correction, the tension roller 12, the rolling roller 16 and 
5 the backup rollers 20 are put back (in S26 to S28, respectively). To go 
to the solution heat treatment step, the metal ring is taken out (in S29). 

Referring next to the flow chart of Fig. 17, the correction 
processing in S25 will be described. 

First, it is determined whether the detected coordinate of the 
10 tension roller 12 corresponds to the final step finished position of the 
tension roller 12 (in S301). 

If the detected coordinate of the tension roller 12 corresponds to 
the final step finished position ('YES 5 in S301), the processing is finished. 
If the detected coordinate of the tension roller 12 does not correspond to 
15 the final step finished position ('NO' in S301), work conditions for the 
present step are set and the timer is set (in S302 and S303, respectively). 

Next, the tension roller 12 is moved (in S304), and the coordinate 
and tension of the tension roller 12 are detected (in S305 and S306, 
respectively). It is then determined whether the detected coordinate of 
2 0 the tension roller 12 corresponds to the final step finished position of the 
tension roller 12 (in S307). 

If the detected coordinate of the tension roller 12 corresponds to 
the final step finished position ('YES' in S307), the next step is set as a 
present step and the processing returns to S301. If the detected 
2 5 coordinate of the tension roller 12 does not correspond to the final step 
finished position ('NO' in S307), it is further determined whether the 
detected tension satisfies a predetermined value (in S308). 
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If the detected tension does not satisfy the predetermined value 
('NO' in S308), the tension of the tension roller 12 is adjusted (in S309). 
If the detected tension satisfies the predetermined value ('YES' in S308), 
S309 is skipped. 

Next, it is determined whether the passing time of the timer 
exceeds a predetermined value (time is up) (in S3 10). If time is up 
('YES' in S3 10), the processing returns to S304. If time is not up ('NO' 
in S3 10), an abnormality processing is executed (in S3 11) and the 
processing is finished. 

Since the second circumference correction step is almost equal to 
the first circumference correction step except for work conditions for the 
metal ring 1, it will not be described herein. 

Next, the circumference measurement step executed by the 
manufacturing apparatus 1 will be described. 

First, the metal ring 1 as a circumference measurement target is 
input between the work roller 11 and the tension roller 12 (see Fig. 9 A). 
The driver 13 drives the tension roller 12 to linearly move, thereby 
applying a tension to the metal ring 1 and winding the metal ring 1 around 
the work roller 1 1 and the tension roller 12 (see Fig. 9B). 

Thereafter, the driver 21 drives the backup rollers 20 to linearly 
move, thereby bringing the backup rollers 20 in contact with the work 
roller 11. The driver 23 drives the work roller 11 to rotate, thereby 
rotating the metal ring 1 between the work roller 1 1 and the tension roller 
12. 

At this time, the movement of the tension roller 12 is controlled so 
as to be able to apply a predetermined tension (a measurement tension so 
as to be able to exhibit the metal ring expansion effect but drive the metal 



ring 1 to rotate) to the metal ring 1 . 

For example, if static friction is large and the variation of a load 
for moving the tension roller 12 is large, control is switched from pressure 
(tension) control to position control to forcedly move the tension roller 12 
5 by a predetermined length. That is, the tension roller 12 is controlled to 
be moved based on a combination of the pressure control and the position 
control. 

Accordingly, it is possible to control the tension applied to the 

metal ring 1 during the circumference measurement to be fixed, so that it 
10 is possible to prevent an excessive tension from being applied to the metal 

ring and the metal ring from being plastically deformed and improve 

circumference measurement accuracy. 

Thereafter, if a stable predetermined tension is continuously 

applied to the metal ring within a predetermined measurement time range, 
15 the distance between the work roller 11 and the tension roller 12 (the 

moving length of the tension roller 12) is detected by the scale 14. 

Further, an average circumference based on a plurality of times of 

detections is utilized so as to improve the measurement accuracy, thereby 

calculating the circumference of the metal ring. 
20 Referring next to the flow chart of Fig. 18, the circumference 

measurement step will be described in detail. 

First, initial values are set (in S31). The initial values include 

those of the measured coordinate of the standard ring, the number of 

rotations of the work roller 11, the measured tension, the acceptable 
2 5 variation width of the measured tension, the measurement time range, the 

acceptable variation width of the detected coordinate of the tension roller 

12, the number of times of detection for obtaining the average, the forced 
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moving length of the tension roller 12 and a maximum number of times of 
the change of the setting of a motor torque limiting value by the driver 13. 

Next, the metal ring 1 is input between the work roller 1 1 and the 
tension roller 12 (in S32). The tension roller 12 is moved to a grip 
position at which the tension roller 12 can exhibit a predetermined tension 
(in S33). The work roller 11 is rotated (in S34), and a moving start 
instruction to start moving the tension roller 12 is issued (in S35). 

The motor torque limiting value is initialized (in S36), and a 
measurement processing for measuring the circumference of the metal 
ring is executed (in S37). After the completion of the measurement, the 
tension roller 12 is put back (in S38) and the metal ring is taken out (in 
S39). 

Referring next to the flow chart of Fig. 19, the measurement 
processing in S37 will be described. 

First, the tension roller 12 is moved (in S401) and the tension of 
the tension roller 12 is detected (in S402). It is determined whether the 
detected tension satisfies a predetermined tension (in S403). 

If the detected tension satisfies the predetermined tension ('YES' 
in S403), a parameter i is set at "0" (in S404) and the coordinate of the 
tension roller 12 is detected (in S405). It is determined whether the 
detected coordinate within a set measurement time range (e.g., several 
seconds) falls within an acceptable variation width a (e.g., several 
micrometers) (in S406). 

If the detected coordinate does not fall within the acceptable 
variation width a ('NO' in S406), the processing returns to S401. If the 
detected coordinate falls within the acceptable variation width a ('YES 5 in 
S406), coordinate detection is repeated by a set number of times and an 
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average coordinate is calculated (in S412). If the number of times of 
detection is set at, for example, "4", the coordinate of the tension roller 12 
is detected whenever the work roller 1 1 rotates by 90 degrees. 

Based on the average detected coordinate X, the circumference L 
5 of the input metal ring 1 is calculated (in S413) and the processing is 
finished. To be specific, the circumference L is obtained by subtracting 
a value obtained by multiplying the average detected coordinate X by 2 
from the measured coordinate Y 0 of the standard ring and subtracting the 
subtraction result from the circumference L 0 of the standard ring. 

10 On the other hand, if the detected tension does not satisfy the 

predetermined tension ('NO' in S403), the setting of the motor torque 
limiting value is changed and "1" is added to the parameter i (in S408). 

Next, it is determined whether the parameter i exceeds a 
maximum number of times m of the change of the setting of the motor 

15 torque limiting value (in S409). If the parameter i does not exceed the 
maximum number of times m ('NO' in S409), the processing returns to 
S401. 

If the parameter i exceeds the maximum number of times m 
('YES' in S409), motor torque limitation is released (in S410). Then, 

20 the tension roller 12 is forcedly moved by a set length (in S41 1) and the 
processing returns to S40 1 . 

The entire contents of Japanese Patent Applications P2002-255941 
(filed on August 30, 2002) and P2002-266922 (filed on September 12, 
2002) are incorporated herein by reference. 

25 It is noted that the present invention is not limited to the 

above-stated embodiments but that various changes and modifications can 
be made to the present invention within the scope of claims that follow. 
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